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In each of these experiments, the mediation of the visceral response by respiratory changes or of overt skeletal responses was ruled out by training rats paralyzed by d-tubocurarine and maintained on artificial respiration.
The purpose of the present experiment was to determine whether conditioned increases and decreases of systolic blood pressure could be obtained in curarized rats, using as a reward escape from, and/ or avoidance of, an electric shock to the tail.
Material and Method
The Ss were 28 naive, male SpragueDawley rats weighing from 408 to 615 gm., divided into experimental and yoked control groups. Three days prior to training, a catheter was implanted into the lower third of the abdominal aorta of each S; the distal end was threaded under the skin and emerged at the back of the neck, using a modification of a procedure described by Herd and Barger. 5 Heparinized Ringer's solution (500 U./ml.) was infused through a fluid swivel at the rate of 0.5 cc./hr. for the next 72 hr. On the day of conditioning, Ss were given I.P. injections of 3.0 mg./kg. of d-tubocurarine chloride (Squibb) in a solution containing 3 mg. ml. As soon as the rat showed signs of difficulty in breathing, it was fitted with a face mask made from the mouthpiece of a rubber balloon, the lower portion of which was secured by placing it behind the upper incisors and the upper portion fitted snugly over the top of the snout. The balloon end of the mask was connected, via a one-holed rubber stopper to the tubes from a smallanimal respirator. Respiration was administered at a 1:1 I/E ratio, 70 cycles per minute, with a peak reading of 20 cm. water pressure. In previous experiments, such respiration had been found to maintain the rats" heart rate and temperature at stable normal levels. After the lateral abdomen had been locally anesthetized by 0.15 ml. of 2% Xylocaine hydrochloride, a 30-gauge needle was inserted I.P., and additional dtubocurarine was infused at the rate of 1 mg./kg./hr. throughout the rest of the experiment. Blood pressure was measured by means of a Statham pressure-transducer (P23 Dd) connected to the catheter at the level of the S's heart. The distance from the exit of the catheter from the S to the pressure transducer was 5 cm. Recordings were made at a sensitivity of 5.0 mv/cm. using a Grass Model 5PI low-level DC preamplifier.
In order to reward specific levels of systolic blood pressure, the amplified signal from the pressure transducer was fed parallel into two pens of a Grass polygraph. The first pen had a brass ball-point tip, which made contact with the surface of a plate constructed of 25 strips of brass, each 1.7 mm. wide, separated from each other by 0.3 cm., and inlaid into a flat piece of Plexiglas. By connecting these strips appropriately to programming equipment, reward could be delivered whenever the pen was on, above, or below a specified strip. The second pen traced an ink record of the exact movement of the first pen.
Heart rate was measured by stainless steel wires which had been previously implanted subcutaneously in the middle of the back at shoulder level and over the heart. The S's temperature was measured by a thermistor probe inserted 4 cm. into the rectum.
The shock source consisted of a voltage divider on the secondary of a 500-v AC transformer, with the current delivered to S through a fixed resistance of 220 K ohm. Discontinuous electric shock consisting of 0.1 sec. pulse of 0.3 mamp. AC was deliv-ered at 2-sec. intervals through an electrode fitted snugly around the base of the tail.
During training, the S lay on a folded towel on its right side in a dark, soundproof, ventilated chamber (Grason Stadler) equipped with a speaker delivering a tone of 1000 cps at 82 db. After a period of 60 min. following curarization, during which heart rate and blood pressure were allowed to stabilize, blood pressure conditioning began.
Seven of the 14 experimental rats were rewarded for blood pressure increases, and the other 7 were rewarded for blood pressure decreases. Assignment to group was random, except for the last S, which had to be assigned to the group rewarded for blood pressure increases. Each of the experimental Ss was paired with a yoked partner. The yoked S received the same treatment as the experimental S, except that it was shocked whenever the experimental S was shocked and could do nothing to escape or avoid the shock.
Training consisted of the presentation of trials signaled by the onset of the 1000 cps tone, which was followed after 7.5 sec. by brief pulses of mild electric shock delivered to the tail. The reward was avoidance of, or escape from, the shock. If S made the desired-criterion blood-pressure response within 7.5 sec. of the onset of the warning tone, the tone was turned off and no shock was delivered. If S failed to make the desired-criterion response within the 7.5 sec, the shock was turned on until the criterion was achieved, at which time both the shock signal and shock were terminated. However, duration of shock on escape trials rarely, if ever, exceeded 60 sec, owing to the fact that during training, every successive block of 20 trials was analyzed for mean latency, and the level of blood pressure which S had to achieve in order to escape or avoid shock was increased if average trial latencies fell below 5 sec. and decreased if average latencies went above 10 sec Training consisted of 200 time-in periods separated by time-out periods averaging 30 sec. (range: 10 to 50 sec.) during which S remained in silence. Training for the increase group required an average of 144 min. as compared to 152 min. for the decrease group (t -.83). The fifth and every tenth trial, thereafter,
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throughout training was a special test trial. During the first 7.5 sec. of the special trial both the criterion and the shock circuits were turned off, so that blood pressure could be measured for the same constant intervals throughout training without any possible contaminating effects from having the shock signal turned off, or the shock turned on. The scoring circuit was turned off and the criterion circuit was turned on at the end of this 7.5-sec. interval. If S did not achieve the criterion within the next 7.5 sec, the shock was turned on. In order to compare the effects of training on blood pressure, when no signals were present, all Ss received blank trials on the tenth trial, and every tenth one thereafter throughout training, each lasting 7.5 sec, during which blood pressure was measured but nothing else occurred.
Results
The results are presented in Fig. 1 for changes in blood pressure in experimental and yoked groups over training. It can be seen that Ss rewarded for increasingly higher levels of blood pressure increased their blood pressure from an initial 139 mm. Hg ( ± 9.9) to a final one of 170 mm. Hg (± 10.2), while those rewarded for increasingly lower levels progressively decreased their blood pressure from an initial level of 140 mm. Hg ( ± 10.8) to a final one of 113 mm. Hg ( ± 9.5). Since these learned changes are in opposite directions and each highly significant (p < 0.01), the yoked control results are not as crucial as they might have been if the differences in blood pressure between the two experimental groups did not change in opposite directions over training. Subjects yoked to the experimental Ss rewarded for increases in blood pressure showed a significant increase in their blood pressure (f = 4.21, df = 6, p < 0.01). However, the increase in the experimental group was significantly greater than the increase in the yoked group (t = 3.33, df = 12, p < 0.01). The Ss yoked to the experimental Ss rewarded for decreases in blood pressure also showed a significant increase in blood pressure (t = 4.03, df = 6, p < 0.01). Thus, there was a highly significant difference between experimental Ss rewarded for decreases and their yoked partners (t = 11.48, df = 12, p < 0.001).
Blood pressure on blank and test trials was analyzed to determine if the rats learned the discrimination of changing their blood pressure during the time-in stimulus, when such a response would be rewarded, rather than during the time-out intervals between trials, when it would not. The results did not indicate any evidence of discrimination learning, in either the group rewarded for increases or the group rewarded for decreases in blood pressure. This finding is in contrast to previous experiments on heart rate, in which rats learned discriminating responses to the time-in stimuli.
2 -10 Since a very low correlation was obtained between over-all changes in blood pressure and heart rate (0.08), in this experiment, rapid changes in heart rate-which can be learned as a discrimination-probably do not produce fast enough changes in blood pressure to demonstrate discrimination learning.
Analyses of heart rate and temperature did not show any significant over-all changes in heart rate or temperature between the experimental groups at the beginning or end of training, or within the groups during training. Likewise, there were no significant differences in heart rate or temperature between the two yoked control groups at the beginning or end of training, or within the groups during training. In all individual Ss, heart rate and temperature were within normal ranges.
A nonsignificant correlation of 0.39 was obtained between changes in heart rate and blood pressure over training in the yoked control group, as compared to 0.08 for the experimental groups. A nonsignificant correlation of 0.14 was obtained for the over-all change in blood pressure learned and the amount of shock received, indicating that the marked differences in the blood pressure obtained in the experimental groups were not artifacts of the amount of shock received by Ss during training.
Discussion
The results of the present experiment indicate that it is possible to instrumentally train increases and decreases in systolic blood pressure, independently of changes in heart rate. The specificity of learning and dissociation of heart rate and blood pressure, exhibited in the present experiment, is in agreement with results from previous experiments from this laboratory. In one of these experiments, DiCara and Miller 4 showed that vasomotor changes in the cutaneous circulation can be learned and made specific to a given structure, as for example, one ear as opposed to the other. In another experiment, vasomotor changes affecting the blood flow to the kidney have been learned independently of changes in heart rate, blood pressure, or peripheral vasomotor activity. 11 In addition, changes in either heart rate or intestinal contraction have been learned without correlated changes in the nonrewarded response, indicating that the instrumental learning of a visceral response can be made specific to the type of response that is rewarded and is not limited to changes in the general pattern of activation, arousal, or parasympathetic-sympathetic balance. 9 The fact that visceral responses are subject to instrumental learning means that the reinforcement of changes in them is not limited to unconditioned stimuli eliciting as an unconditioned response the specific change to be learned. Instead, it is highly probable that they can be modified by any one of the great variety of rewards and punishments known to be able to produce the learning of skeletal responses. Psychiatrists commonly refer to such rewards as secondary gains. It is clearly possible for the visceral responses involved in psychosomatic symptoms to be learned, as well as to be innately elicited, in the innate hierarchy of responses to a strong emotion, such as fear. The degree to which VOL. XXX. NO. 5 |PART I), 1968 psychosomatic symptoms, and the individual differences in profiles studied by Lacey and Lacey, (it " actually are learned will depend on the degree to which suitable conditions for reinforcement are present in the life of the individual.
The instrumental learning of visceral responses also has interesting therapeutic possibilities for clinical medicine. By recording changes in blood pressure, it should be possible to teach a well-motivated patient to change undesirable responses to more desirable ones. Engel 13 has recently tried a similar approach, and has reported success in the treatment of cardiac arrhythmias. Since other experiments from this laboratory have shown that the voltage of brain waves of curarized rats can be increased by rewarding increases, or decreased by rewarding decreases, it is conceivable that in some cases the responses reflected in abnormal EEG activity can be modified by learning. 1 
Summary
The traditional view is that visceral responses can be modified only by classical conditioning, and not by trial-and-error or instrumental learning. This problem is of critical importance, both for theories of learning and for understanding psychosomatic pathology. The present experiment has demonstrated that it is possible to obtain conditioned increases, and decreases of systolic blood pressure in rats. Each S was paralyzed by curare and maintained on artificial respiration to rule out the effects of skeletal muscle, and respiratory changes on blood pressure. Separate groups of Ss were rewarded by escape from, and/or avoidance of, mild electric shock for either increasing or decreasing their levels of blood pressure, on trials signaled by the onset of a light and tone. Blood pressure was measured by means of a chronic catheter in the abdominal aorta. Each experimental rat was yoked to a control rat. The yoked control received exactly the same treatment as the experimental S, except that it could do nothing to avoid being shocked, and was shocked whenever the experimental S was shocked. Over-all average increases and decreases in blood pressure of 22.3* and 19.2*, respectively, were obtained in the experimental groups, and each were significantly different from the changes in the yoked control groups. All experimental Ss, without exception, changed their blood pressure in the rewarded direction. Analyses of heart rate and temperature did not reveal any significant changes either between experimental groups at the beginning or at the end of training, or within experimental groups during the period of training. Likewise, there were no significant differences in heart rate or temperature between the two yoked control groups, either at the beginning or end of training, or within the groups during training. A correlation of 0.39 was obtained between changes in heart rate and blood pressure in the yoked control groups as compared to 0.08 for the experimental groups.
The demonstration that it is possible to instrumentally condition blood pressure levels raises the possibility that abnormal cardiovascular responses may be learned as psychosomatic symptoms and contribute to the development of atypical profiles of autonomic reactivity to stress and cardiovascular-renal pathology. The instrumental learning of blood pressure responses has interesting therapeutic possibilities for clinical medicine, since it may be possible to teach hypertensive patients to permanently lower their blood pressure levels.
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